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PROGNOSTIC IMPLICATIONS OF LEFT VENTRICULAR MASS — LEVY ET AL. 1561

PROGNOSTIC IMPLICATIONS OF ECHOCARDIOGRAPHICALLY DETERMINED LEFT
VENTRICULAR MASS IN THE FRAMINGHAM HEART STUDY

Danier LEvy, M.D., RoBerT J. GARRIsoN, M.S., DaNIEL D. SAavace, M.D., Pu.D.,*
WiLLiam B, KanneL, M.D., M.P.H., ANp WiLLiAM P. CasTELLL, M.D,

Abstract A pattern of left ventricular hypertrophy evident
on the electrocardiogram is a harbinger of morbidity and
mortality from cardiovascular disease. Echocardiography
permits the noninvasive determination of left ventricular
mass and the examination of its role as a precursor of
morbldity and mortality. We examined the relation of left
ventricular mass to the incidence of cardiovascular dis-
ease, mortality from cardiovascular disease, and mortality
from all causes in 3220 subjects enrolled in the Framing-
ham Heart Study who were 40 years of age or older and
free of clinically apparent cardiovascular disease, in whom
Iefltl ventricular mass was determined echocardiographi-
cally.

During a four-year follow-up period, there were 208
incident cardiovascular events, 37 deaths from cardiovas-
cular disease, and 124 deaths from all causes. Left ven-
tricular mass, determined echocardiographically, was as-
sociated with all outcome events. This relation persisted
after we adjusted for age, diastolic blood pressure, pulse
pressure, treatment for hypertension, cigarette smoking,
diabetes, obesity, the ratio of total cholesterol to high-den-
sity lipoprotein cholesterol, and electrocardiographic evi-

EFT ventricular hypertrophy, although infrequent-
ly noted on the electrocardiogram, imparts a sub-
stantial risk of morbidity and mortality."* Echocar-
diography has permitted the reliable, noninvasive
estimation of left ventricular mass*’ and has proved a
more sensitive tool for the detection of left ventricular
hypertrophy than other techniques previously availa-
ble. The Framingham Heart Study has developed sex-
specific criteria for left ventricular hypertrophy, based
on the distribution of left ventricular mass in a healthy
reference population.? The application of these crite-
ria to a large, free-living population studied with echo-
cardiography has documented a prevalence of left
ventricular hypertrophy of 15 to 20 percent in adults®;
this value is considerably higher than the prevalence
of electrocardiographically demonstrated left ventric-
ular hypertrophy in the same population.'

Recent reports have documented an increased risk
of the sequelae of cardiovascular disease in subjects
with echocardiographic evidence of left ventricular
hypertrophy.!'™ In a study of more than 1000 el-
derly men and women, we found an association be-
tween echocardiographically determined left ventricu-
lar mass and the incidence of coronary heart disease;
this association persisted after adjustment for tradi-
tional cardiac risk factors.'* The present investigation

From the Framingham Hcart Study, Framingham, Mass., and the Division of
Epidemiology and Clinical Applications of the National Heart, Lung, and Blood
Institute, Bethesda, Md. (D.L., R.).G., W.P.C.), the National Center for Health
Statistics, Hysttsville, Md. (D.D.S.); and the Department of Medicine and the
Section of Preventive Medicine and Epidemiology, Bosten University School of
Medicine, Boston (W.B.K.). Address reprint requests to Dr. Levy at the Fra-
mingham Heart Study, S Thusber St., Framingham, MA 01701.

*Deceased, January 19, 1990.

dence of left ventricular hypertrophy. In men, the risk fac-
tor—adjusted relative risk of cardiovascular disease was
1.49 for each increment of 50 g.per meter in left ventricular
mass corrected for the subject’s height (95 percent confi-
dence interval, 1.20 to 1.85); In women, it was 1.57 (85
percent confidence interval, 1.20 to 2.04). Left ventricular
mass (corrected for height) was also associated with the
Incidence of death from cardiovascular disease (relative
risk, 1.73 [95 percent confidence interval, 1.19 to 2.52] in
men and 2.12 [95 percent confidence interval, 1.28 to
3.49] in women). Left ventricular mass (corrected for
height) was associated with death from all causes (relative
risk, 1.49 [95 percent confidence interval, 1.14 to 1.94] in
men and 2.01 [95 percent confidence interval, 1.44 to
2.81] in women).

We conclude that the estimation of left ventricular mass
by echocardiography offers prognostic information be-
yond that provided by the evaluation of traditional cardio-
vascular risk factors. An increase in left ventricular mass
predicts a higher incidence of clinical events, including
death, attributable to cardiovascular disease. (N Engi J
Med 1990; 322:1561-6.)

was undertaken to extend this smaller study by exam-
ining the relation of left ventricular mass, determined
echocardiographically, to the four-year risk of cardio-
vascular disease, mortality from cardiovascular dis-
ease, and mortality from all causes in a much larger
group of middle-aged and elderly subjects enrolled in
the Framingham Heart Study.

METHODS
Study Population

In 1948, residents of Framingham, Massachusetts, who were be-
tween the ages of 28 and 62 werc enrolled in a prospective epidemio-
logic study. The selection criteria and study design have been de-
scribed previously.’>'® In 1971, children of the original study
population and the spouses of those children were enrolled in the
Framingham Offspring Study.'” From 1979 to 1983, the surviving
members of the original cohort underwent their 16th biennial exam-
ination and subjects in the Offspring Study underwent their second
examination; these examinations routinely included 12-lead resting
clectrocardiography, measurements of resting blood pressure, an-
thropometric measurements, determinations of blood glucose lev-
els, and echocardiography. Electrocardiograms were examined for
evidence of definite left ventricular hypertrophy (increased voltage
plus a “strain” pattern).' Diabetes was indicated by any one of the
following: a fasting blood glucose level =7.77 mmol per liter (140
mg per deciliter), a random nonfasting blood glucose level >11.11
mmol per liter (200 mg per deciliter), or the use of insulin or an oral
hypoglycemic agent. Data regarding cigarette smoking and meas-
urements of plasma total cholesterol and high-density lipoprotein
cholesterol were obtained from the 15th biennial examination of the
members of the original cohort and the second examination of sub-
jects in the Offspring Study (index examination).

Qutcome Events

To be eligible for inclusion in this study, subjects in the Offspring
Study and members of the original study cohort had to be frec of
dlinically apparent cardiovascular disease. Because of the low inci-
dence of morbidity and mortality from cardiovascular diseasc in
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Evaluation of diastolic function by three-dimensional
volume tracking of the mitral annulus with
cardiovascular magnetic resonance: comparison
with tissue Doppler imaging

Vincent Wu', Janice Y Chyou?, Sohae Chung', Sharath Bhagavatula' and Leon Axel?’

{ Abstract

Background: Measurement of mitral annulus (MA) dynamics is an important component of the evaluation of left
ventricular (LV) diastolic function; MA velocities are commonly measured using tissue Doppler imaging (TDI). This study
aimed to examine the clinical potential of a semi-automated cardiovascular magnetic resonance (CMR) technique for
quantifying global LV diastolic function, using 3D volume tracking of the MA with conventional cine-CMR images.

Methods: 124 consecutive patients with normal ejection fraction underwent both clinically indicated transthoracic
echocardiography (TTE} and CMR within 2 months. Interpolated 3D reconstruction of the MA over time was performed
with semi-automated atrioventricular junction (AVJ) tracking in long-axis cine-CMR images, producing an MA sweep
volume over the cardiac cycle. CMR-based diastolic function was evaluated, using the following parameters: peak
volume sweep rates in early diastole (PSRg) and atrial systole (PSR,), PSRe/PSR, ratio, deceleration time of sweep
volume (DTsy), and 50% diastolic sweep volume recovery time (DSVRTs); these were compared with TTE diastolic
measurements,

Results: Patients with TTE-based diastolic dysfunction (n = 62) showed significantly different normalized MA

sweep volume profiles compared to those with TTE-based normal diastolic function (n =62), including a lower
PSRe (5.25+1.38 57" vs. 7.72 £ 1.7 57), a higher PSR, (6.56 + 1.99 57" vs. 467 + 1.38 57'), a lower PSRe/PSR, ratio
(09 £0.44 vs. 1.82 + 069), a longer DTgy (144 £ 55 ms vs. 96 + 37 ms), and a longer DSVRTsq (25.0 £ 11.0% vs, 15.6 £4.0%)
(all p < 0.05). CMR diastolic parameters were independent predictors of TTE-based diastolic dysfunction after adjusting
for left ventricular hypertrophy, hypertension, and coronary artery disease. Good correlations were observed between
CMR PSRe/PSR, and early-to-late diastolic annular velocity ratios (€'/a’) measured by TDI (r=0.756 to 0.828, p < 0.001).

Conclusions: 3D MA sweep volumes generated by semi-automated AVJ tracking in routinely acquired CMR images
yielded diastolic parameters that were effective in identifying patients with diastolic dysfunction when correlated with
TTE-based variables.

Keywords: Diastolic function, Mitral annulus, Cardiovascular magnetic resonance, Echocardiography, Feature-tracking
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Direct Evidence of Impaired Cardiac Sympathetic
Innervation in Essential Hypertensive Patients with
Left Ventricular Hypertrophy

Taishi Kuwahara, Mareomi Hamada and Kunio Hiwada

The Second Department of Internal Medicine, Ehime University School of Medicine, Ehime, Japan

Increased sympathetic nervous activity has been proposed as one
of the causes of left ventricular hypertrophy (LVH) associated with
hypertension. However, the precise relationship is not fully under-
stood. Methods: To elucidate the relationship between myocardial
sympathetic nervous activity and LVH in patients with essential
hypertension (EHT), we performed '2%-metaiodobenzyiguanidine
(MIBG) myocardial scintigraphy in 49 patients with EHT and 17
normotensive control subjects. Sympathetic innervation of the left
ventricle was evaluated using SPECT, and the whole heart uptake of
the tracer was quantitatively assessed as the heart-to-mediastinum
uptake ratio on both the early (15-min) and delayed (5-hr) images.
Myocardial washout rate (MWR) of the tracer from 15 min to 5 hr
after the isotope administration was also calculated. The left ven-
tricular mass index (LVMI) was determined echocardiographically.
Resuilts: In 49 hypertensive patients, there was a negative correla-
tion between LVMI and heart-to-mediastinum uptake ratio on both
the early and delayed images (r = —0.55, p < 0.0001; r = —0.63,
p < 0.0001, respectively). In addition, there was a positive correla-
tion between the LVMI and MWR of '23|-MIBG in these hypertensive
patients (r = 0.59, p < 0.0001). As for the regional uptake of the
tracer, there was no significant difference between control subjects
and hypertensive patients without cardiac hypertrophy, but a sig-
nificant decrease of the uptake in the inferior and lateral regions was
observed in hypertensive patients with cardiac hypertrophy.
Conclusion: Patients with EHT had decreased accumulation and
increased MWR of '23-MIBG in proportion to the degree of LVH.
Hypertensive patients with cardiac hypertrophy had impaired sym-

Received May 13, 1997; revision accepted Dec. 19, 1997.

For correspondence or reprints contact: Mareomi Hamada, MD, The Second Depart-
ment of Internal Medicine, Ehime University School of Medicine, Shigenobu-cho,
Onsen-gun, Ehime, 791-0295, Japan.

pathetic innervation in the inferior and lateral regions of the left
ventricle.

Key Words: sympathetic nervous system; norepinephrine; left ven-
tricular hypertrophy; iodine radioisotope; hypertension

J Nucl Med 1998; 39:1486-1491

Essential hypertension (EHT) is a major risk factor for the
progression of cardiovascular damage in such organs as the
brain, heart and kidney. Left ventricular hypertrophy (LVH),
one of the types of end-organ damage associated with hyper-
tension, is recognized as an independent risk factor for cardio-
vascular events (/), including cardiac sudden death (2). It is
recognized that not only mechanical factors, but also humoral
factors, are related to LVH in hypertension. Increased sympa-
thetic nervous activity has been proposed as one of the
influential factors on LVH (3—5), based on the observations that
catecholamine administration induces LVH (3) and that sym-
patholytic intervention diminishes myocardial hypertrophy (4).
In addition, alpha-1 adrenergic agonists were found to be potent
stimuli for the hypertrophy of fetal cardiac myocytes (5).
However, some experimental studies reported that chemical or
surgical sympathectomy failed to block the development of
LVH induced by hypoxia or hypertension (6,7). Moreover,
Cooper et al. (8) postulated that mechanical load itself, rather
than catecholamines, was directly responsible for cardiac hy-
pertrophy. Thus, the role of sympathetic nervous activity in the
genesis of LVH, especially in humans, has not been fully
elucidated.

lIodine-123-labeled metaiodobenzylguanidine (MIBG) is a
norepinephrine analog that is taken up by sympathetic nerve
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